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The pathogenicity and prevalence of Mycoplasma penetrans, a Mycoplasma species recently isolated from
humans, are still debated. A major P35 antigen, which is used as target epitope in serological assays, was shown
to be a phase-variable lipid-associated membrane protein (LAMP). In this study, we performed a comparative
analysis of the LAMP patterns from five M. penetrans clinical isolates and from the type strain. Sodium dodecyl
sulfate-polyacrylamide gel electrophoresis profiles and immunoblots with sera serially collected from an M.
penetrans-infected patient indicated that these strains expressed different LAMP repertoires. Furthermore, the
intraclonal variation in the expression of LAMPs (P34A, P34B, P35, and P38) was monitored by immunoblot
analysis with three specific monoclonal antibodies (MAbs) developed in this study and MAb 7 to P35. The
phase variation of these LAMPs occurs in an independent manner, with frequencies of variation ranging from
1072 to 10~ per cell per generation. Consistent with their amphipathic nature, the P34B and P38 antigens
were found exposed at the cell surface. The DNA sequence encoding the P38 antigen was defined and found to
be related to those of the P35 gene and other putative LAMP-encoding genes, suggesting that these variable
antigens are encoded by a family of related genes. Finally, the serum samples from an M. penetrans-infected
patient contained antibodies that reacted with a P36 antigen expressed in different M. penetrans strains but not
in the isolate recovered from this patient. This result suggested that in vivo phase variation of P36 occurred,

which would support a role for these LAMP variations in avoiding the host’s immune vigilance.

Members of the genus Mycoplasma have several character-
istic features, including small genome size in comparison to
most other prokaryotes (10, 16, 17). The drastic reduction in
their genome size during evolution was only possible by the
adoption of a parasitic lifestyle, allowing these bacteria to
acquire many nutrients from their hosts. As obligatory para-
sites, they were also forced to develop efficient strategies to
avoid their host’s immune surveillance. A number of studies
have demonstrated that mycoplasmas which colonize animals
and humans are able to change their surface antigen profile at
high frequency (for reviews, see references 5, 8, and 35). Such
antigenic variation is proposed to play a key role in the evasion
from the host immune response, a notion that has received
some support from in vitro experiments in which phase and
size variation of Mycoplasma hyorhinis surface antigens pro-
vided protection from growth inhibition by polyclonal serum
(7). A second characteristic feature of mycoplasmas is the
absence of a cell wall or outer membrane. Consequently, the
mycoplasma surface lacks lipopolysaccharide and peptido-
glycan. The major variable antigens at the mycoplasma cell
surface are lipoproteins, which are also the dominant immu-
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nogens during mycoplasmal infections. The mechanisms un-
derlying the variation of these lipoproteins are diverse and
have been deciphered only for a limited number of myco-
plasma species (for a review, see references 8 and 28).

Mycoplasma penetrans was initially isolated from a urine
sample collected from a human immunodeficiency virus type 1
(HIV-1)-infected patient (22). This mycoplasma grows fastid-
iously, and so far only a few isolates have been obtained from
clinical samples. M. penetrans has an elongated flask shape
morphology with a tip-like structure (21) that is predicted to
allow the mycoplasma to adhere and invade host cells (12, 23).
Epidemiological studies indicated an association between M.
penetrans and HIV infection (13, 33, 34), suggesting that M.
penetrans could act as a cofactor in the progression of the
HIV-associated disease (2). Indeed, Grau et al. (14) described
an association between active M. penetrans infections and an
accelerated progression of disease among HIV-infected pa-
tients. However, it is not proven whether M. penetrans was the
true cause of the accelerated disease or only persisted in pa-
tients who were particularly immunocompromised (14). There
is a single report describing the isolation of this mycoplasma
from a patient who was not coinfected with HIV. In this clinical
case, the M. penetrans infection was associated with a primary
antiphospholipid syndrome (36), but no other study has since
substantiated this finding.

There is clearly a need to better understand the potential
role of M. penetrans infection in human disease. The epidemi-
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ological studies performed thus far are based on an M. pen-
etrans-specific serological assay (13, 33). In this assay, the di-
agnostic target molecules were lipid-associated membrane
proteins (LAMPs) which were extracted by using the neutral
detergent Triton X-114 (TX-114). The LAMPs from the type
strain M. penetrans GTU showed in immunoblots two major
antigenic proteins, P35 and P38, and less-abundant 61- and
103-kDa polypeptides (33). The P35 protein was shown to be a
surface-exposed variable lipoprotein undergoing high-fre-
quency phase variation (9, 26, 27). These studies were per-
formed by using the M. penetrans type strain and the hetero-
geneity of LAMPs between strains was not evaluated.

In the present study, we investigated the heterogeneity of
LAMPs between different M. penetrans clinical isolates and
among their isogenic progenies. For this purpose, serial sera
from an HIV-M. penetrans-coinfected patient were used to-
gether with four newly developed monoclonal antibodies
(MAbs) with unique LAMP specificities. These immunological
tools allowed us to demonstrate that, in addition to P35, other
putative lipoproteins, including P34B and the sequenced P38,
vary among isogenic variants in an independent manner.

MATERIALS AND METHODS

Mycoplasma culture condition. M. penetrans isolate ARA was kindly provided
by Christiane Bebear (University Victor Segalen, Bordeaux, France), and iso-
lates HF-1, HF-2, and HF-3 were as described elsewhere (36). M. penetrans 75
was isolated from the urine sediment of an HIV-infected patient (Freiburg,
Germany) as previously described (18). The type strain GTU was kindly provided
by S. Lo (Armed Forces Institute of Pathology, Bethesda, Md.). Mycoplasmas
were grown at 37°C in liquid PPLO broth or PPLO agar (Difco, Detroit, Mich.)
supplemented with 20% heat-inactivated horse serum and 10% yeast extract
(15).

MAbs. In order to establish specific MAbs to M. penetrans LAMP, BALB/c
mice were immunized by the method of Cianfriglia et al. (6) with 10® cells of M.
penetrans 75 per immunization. The splenocytes were fused with myeloma cells
as previously described (20). Hybridomas were grown in 24-well microtiter plates
in RPMI 1640 medium (Biochrom KG, Berlin, Germany) supplemented with
15% fetal calf serum, 5 pl of 2-mercaptoethanol (Gibco-BRL, Life Technologies,
Karlsruhe, Germany)/liter, 20,000 IE of penicillin/liter, and 20 mg of streptomy-
cin (Gibco-BRL)/liter. After 10 days the hybridoma supernatants were tested for
M. penetrans-specific MAbs in Western immunoblots. Antibody-producing cells
reacting with M. penetrans LAMPs were cloned by dilution with hybridoma
medium supplemented with 2% hypoxanthine-aminopterin-thymidine medium
supplement (Sigma Chemical Co., St. Louis, Mo.). This procedure was repeated
twice with in-between monitoring of antibody production by Western blot anal-
ysis as described below. MAbs were also tested for their reactivity in colony
immunoblots of M. penetrans 75. By using this approach, three MAbs (MAb C5
of immunoglobulin G2b [IgG2b] isotype, MAb D10 of IgG1 isotype, and MAb
G9 of IgG3 isotype) were selected. MAb 7 of IgG1 isotype, which was previously
shown to react with the P35 protein of M. penetrans GTU (26), was also used in
this study. MAb 14, which reacts with the IMP14 peptide, is described below.

Electron microscopy. Localization of the MADb target epitope at the surface of
M. penetrans was examined by using the immunogold labeling technique de-
scribed by Neyrolles et al. (26). Briefly, M. penetrans cells were washed once in
25 mM HEPES (Sigma) and resuspended in phosphate-buffered saline (PBS).
Nickel grids were laid onto a droplet of a M. penetrans cell suspension for 20 min
and fixed with 1% paraformaldehyde at room temperature for 3 min. The grids
were incubated in PBS for 10 min and then with a PBS solution containing 50 g
of MAbs G9 or D10/ml for 1 h at room temperature. After five washings in a
solution containing PBS-0.5% bovine serum albumin-0.1% gelatin, the grids
were incubated for 1 h at room temperature with an anti-mouse IgG and IgM
antibody labeled with 10-nm gold particles (Amersham) diluted 1:25 in PBS. The
grids were washed once in PBS and five times in water and then examined with
a JEOL EX 1200 electron microscope at an accelerating voltage of 80 kV.

SDS-PAGE and Western immunoblotting. Mycoplasma cells from a broth
culture were collected by centrifugation for 20 min at 5,400 x g and washed twice
in PBS. M. penetrans membrane-associated proteins were fractionated by using
TX-114 (3) (Serva, Heidelberg,Germany) as previously described (31) with slight
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modifications. Briefly, mycoplasmas from 50-ml cultures were resuspended in 1
ml of PBS containing 2% (vol/vol) TX-114 and incubated for 2 h at 4°C with
shaking. After centrifugation at 4°C for 10 min at 13,000 X g, the supernatant
containing the solubilized proteins was subjected to three cycles of phase frac-
tionation, including incubation for micelle formation at 37°C for 5 min, followed
by a centrifugation step (13,000 X g, 3 min, room temperature) for phase
separation, resulting in an upper aqueous and a lower detergent TX-114 phase.
After collection of the detergent phase, the concentration of TX-114 was read-
justed with PBS to 2% and incubated on ice for 10 min. This procedure was
repeated twice. Prior to sodium dodecyl sulfate-polyacrylamide gel electrophore-
sis (SDS-PAGE) analysis, proteins that partitioned into the TX-114 detergent
phase were concentrated by ethanol precipitation (80% [vol/vol]). SDS-PAGE
was performed according to the method of Laemmli (19).

After electrophoresis, the proteins were stained with Coomassie blue or trans-
ferred to nitrocellulose membrane (Protran BA83; Schleicher & Schuell, Dassel,
Germany) by semidry electroblotting in a Multiphor II electrophoresis unit (LKB
Bromma). Membranes were blocked with PBS-0.1% (vol/vol) Tween 20 (Serva)
containing 10% fetal calf serum. The immunostaining was performed by using
the hybridoma supernatants of MAb 7, MAb C5, MAb D10, MAb G9, or human
sera as the primary antibody and peroxidase-conjugated anti-mouse immuno-
globulin (Dako A/S, Glostrup, Denmark) or anti-human immunoglobulin (Sig-
ma) as secondary antibody.

Colony immunoblotting and isolation of clonal variants derived from M.
penetrans. Colony immunoblotting was performed as previously described (31),
except that 4-chloro-1-naphthol was used as the peroxidase substrate. Colonies
that did not bind the MAbs were stained with Ponceau S. To establish a clonal
lineage, MADb-positive or -negative colonies were selected after colony immuno-
blotting, propagated in 1 ml of culture and, after further Western blot or colony
blot analyses, were used to generate isogenic progeny that exhibited alternative
surface phenotypes. The frequency of a particular epitope to undergo phase
variation was assessed by colony immunoblotting by calculating the number of
colonies derived from a single variant that had switched ON or OFF the expres-
sion of the epitope.

Expression of the putative lipoprotein pepIMP14 in Escherichia coli. The
IMP14 gene sequence (GenBank-EMBL accession no. AJ006697) described by
Neyrolles et al. (26) contained an open reading frame (ORF) encoding the
putative lipoprotein pepIMP14. The sequence between nucleotides 49 and 1069
of the IMP14 ORF was amplified by using a forward primer, 5'-TACGGGAT
CCTCTTCTTGTTCTTCAAC-3', located in the conserved 5'-terminal coding
region and a reverse primer, 5'-AATTGTCCCGGGCATCAAATGAAACATC
TTTGCTTCTCTAG-3'. The restriction sites for BamHI and Xmal (underlined
nucleotides) were engineered for further directional cloning of the PCR frag-
ment. First, the PCR product was directly inserted into the pCR2.1-TOPO vector
(Invitrogen, Groningen, The Netherlands), and the four TGA triplets that code
for tryptophan in mycoplasmas were mutated to TGG codons for expression in
E. coli as described in the QuickChange Site-Directed Mutagenesis Kit (Strat-
agene, Heidelberg, Germany). The mutated insert was then digested with
BamHI and Xmal and ligated into the pQE30 vector (Qiagen, Hilden, Germany)
cut with the same enzymes, and the resulting ligation mixture was transformed
into E. coli M15 (Qiagen).

A recombinant plasmid containing the pepIMP14 ORF in the correct orien-
tation was selected, and its sequence was verified by DNA sequencing. The clone
harboring the selected recombinant plasmid was used to produce the IMP14
polypeptide fused at the N terminus with a His, tag to facilitate its purification
by using nickel-nitrilotriacetic acid (NTA) chromatography (Qiagen). The puri-
fied IMP14 recombinant product was then used to produce the MAb designated
MADb 14 (IgM) according to the procedure described above. Each immunization
was performed with 100 pg of the purified recombinant product.

Peptide sequencing. Proteins of M. penetrans 75 that partitioned into the
TX-114 detergent phase were separated by electrophoresis and transferred to an
Immobilon-P membrane (Schleicher & Schuell). Proteins were detected by stain-
ing with Coomassie blue R-250 (Ferak, Berlin, Germany), and the bands of
interest were excised. In collaboration with P. Riicknagel (Max Planck Institute,
Halle, Germany), proteins were digested with endoprotease Lys C (0.15 ug/20 pl
of 25 mM Tris [pH 8.5]; Boehringer). The supernatants were separated, and the
membranes were extracted twice with 20 ul of 50% formic acid in acetonitrile.
The supernatant and extracts were concentrated to 20 pl under nitrogen. The
peptides were separated by reversed-phase high-pressure liquid chromatography
on a Shimadzu LC10 unit with an ET 125-by-2-mm Nucleosil 500-5 C3PPN
column (Macherey-Nagel) and linear gradient elution (eluent A, 0.09% triflu-
oroacetic acid in water; eluent B, 0.08% trifluoroacetic acid in acetonitrile;
gradient, 1 to 40% B in 60 min; flow rate, 200 ul min~'; column temperature,
40°C). Peptide-containing fractions were collected manually. Aliquots of the
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FIG. 1. LAMP profile heterogeneity between M. penetrans isolates. TX-114 extraction of different M. penetrans patient isolates showing the
heterogeneity of LAMP patterns. The results of SDS-PAGE of TX-114-fractionated LAMPs of M. penetrans type strain GTU and patient isolates
75, ARA, HF-1, HF-2, and HF-3 stained with Coomassie blue and corresponding immunoblots incubated with serum of patient 75 collected in

either February 1993 or March 1995 are shown.

fractions were used for MALDI-mass spectrometry and Edman sequencing with
an Applied Biosystems 476A Sequencer according to the manufacturer’s instruc-
tions.

DNA extraction, Southern blot analysis and cloning. Genomic DNA of M.
penetrans 75 was extracted by conventional procedures (24). For Southern blot
analysis, 10 pg of DNA was digested with the appropriate restriction enzyme and
subjected to agarose gel electrophoresis, and the DNA fragments were trans-
ferred to Hybond-N+ membranes (Amersham International, plc.). Southern
blot hybridization was performed as previously described (26). Briefly, the mem-
branes were prehybridized with hybridization solution containing 6X SSC (1X
SSC is 0.15 M NaCl plus 0.015 M sodium citrate), 5X Denhardt solution, 0.1%
SDS, and 100 pg of salmon sperm DNA ml ! for 2 h and incubated overnight in
hybridization solution with 3?P-labeled oligonucleotide probes. The probes were
labeled by end labeling with T4 polynucleotide kinase. The membranes were
then washed twice with 6X SSC-0.1% SDS for 20 min at room temperature. The
oligonucleotide probes used in this study were based on the peptide sequences
derived from the fragments of the 38-kDa protein and were as follows : P38-1,
5'-TTATAWATWCCWAAWGCWGC-3'; P38-2, 5'-TTWATATCTTCWSWW
ATWAATTCATT-3'; and P38-3, 5-CATAWGGWGCWGCATCWACWAC
WACWGTATAWAC-3'. Since tryptophan is preferentially coded in mycoplas-
mas by the codon TGA rather than TGG, this triplet was used to design the

oligonucleotides even though it corresponds to a stop condon in the universal
genetic code.

A PstI-DNA fragment of 3.5 kb hybridized with more than one probe (P38-1
and P38-3 of the probes described above). This DNA fragment was excised from
the agarose gel and purified by electroelution (32). The eluted fragments were
then ligated with PstI-pUC18 vector, and the ligation mixture was used to trans-
form E. coli XL1-Blue competent cells. Identification the recombinant plasmid
of interest was performed by Southern blot hybridization and was designated
MP24.

For the expression of a recombinant P38 protein, a strategy similar to that
adopted for pepIMP14 expression was used, except that P38-specific primer
sequences allowed the amplification of the P38-encoding gene and the mutagen-
esis of TGA triplets into TGG triplets. The forward primer 5'-TACGGGATC
CTCTTCTTGTTCTTCTTACTGATAATGG-3' and the reverse primer 5'-AT
TGTCCCGGGATTCACAGTTAAACTAACATCAAAAGAAAACTC-3" used
for amplification included the restriction sites for BamHI and Xmal (underlined
nucleotides) for cloning of the PCR fragment into the expression vector pQE30
(Qiagen).

RAPD analysis. DNA of M. penetrans strains were isolated with a QIAamp
DNA Mini kit (Qiagen) according to the manufacturer’s instructions. The DNA
concentration was determined spectrometrically. Randomly amplified polymor-
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FIG. 2. Different expressions of LAMP profiles in several M. penetrans patient isolates (75, ARA, HF-1, HF-2, and HF-3) and the type strain
GTU determined by using Coomassie blue staining and immunostaining with MAbs D10, G9, 7, 14, or C5. MAb D10 reacted with a 34-kDa
molecule (P34B). MAb G9Y recognized a 38-kDa molecule (P38) in M. penetrans GTU and 75. MADb 7 stained P35. MAb 14 recognized a 34-kDa
molecule in M. penetrans 75, named P34A. MADb C5 reacted with a common epitope of LAMPs with molecular masses ranging between 30 and
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FIG. 3. RAPD patterns of M. penetrans strain GTU and isolates 75, ARA, HF-1, HF-2, and HF-3 after amplification with primer 1281, 1254
or a combination of both primers. DNA basepair size standards are shown on the left and on the right.

phic DNA (RAPD) analysis was performed as described by Geary et al. (11) and
Marois et al. (25), with slight modifications. Briefly, the PCR mixture with a total
reaction volume of 50 pl consists of Tag polymerase buffer (Perkin-Elmer); a
final concentration of 3 mM MgCl,; 250 uM concentrations each of dATP,
dTTP, dCTP, and dGTP (Hybaid AGS, Heidelberg, Germany); 2.5 U of Am-
pliTaq Gold DNA polymerase (Perkin-Elmer); 300 ng of primer (primer 1281
[5'-AACGCGCAAC-3'] and/or primer 1254 [5'-CCGCAGCCAA-3']); and 40
ng of DNA. The PCR was performed in a Perkin-Elmer GenAmp PCR System
9600. The following reaction conditions were used: 1 cycle of 97°C for 5 min; 4
cycles at 94°C for 5 min, 36°C for 5 min, and 72°C for 5 min; followed by 31 cycles
of 94°C for 1 min, 36°C for 1 min, and 72°C for 1 min; and terminated by 1 cycle
of 72°C for 10 min. The amplified products (15 wl) were electrophoresed in 1,5%
agarose gels in TBE (10.8 g of Tris-HCl liter %, 5.5 g of borate liter !, 0.74 g of
Na,EDTA liter ') for 1 h at 0.15 A. Then, 5 pl of Smart Ladder (Eurogentec)
was run in each gel as the molecular size standard. The gels were stained with
ethidium bromide and visualized by UV transillumination.

Nucleotide seq ing and e analysis. The DNA insert of the recom-
binant plasmid MP24 was sequenced by using BigDye Terminator RR Mix (PE
Applied Biosystems) and an automated sequencer (ABI Prism 377 DNA Se-
quencer, Perkin-Elmer). Sequence data were analyzed by using the software
programs provided by the sequencer and by using the GenBank and EMBL
databases. Published sequences P35 and P30 (LL38250) and IMP14 (AJ006699)
were obtained from GenBank-EMBL. The GenBank-EMBL accession number
of the DNA sequence encoding P38 is AF260642.

RESULTS

Analysis of putative LAMPs of different M. penetrans iso-
lates. In the present study, LAMP profiles of uncloned M.
penetrans isolates that had originally been cultured from (i) the
urine sediment of an AIDS patient in Germany (isolate 75),
(ii) the urine sediment of an HIV-infected patient in France
(isolate ARA), and (iii) the blood (HF-1), the tracheal aspirate
(HF-2), and the throat (HF-3) of an HIV-negative patient with
primary antiphospholipid syndrome (36) were analyzed by
SDS-PAGE and Western blotting (Fig. 1 and 2).

The LAMP profiles were markedly different between the
isolates, although in each case Coomassie blue staining re-
vealed that the most abundant products migrated between 34
and 40 kDa, with products of 30, 62, 94, and 96 kDa only
detectable when the sample load was increased. All M. pen-
etrans strain and isolates tested in this study expressed a 35-

kDa products which reacted with the MADb 7, an antibody
which recognizes the P35 antigen previously identified in the
type strain GTU (26). Other than this common P35 antigen, no
LAMP profiles were identical except for two (HF-1 and HF-3)
isolates obtained from different body sites of the same patient.

By using two sera collected at two different times from pa-
tient 75, the humoral response to the M. penetrans LAMPs was
monitored by Western blot analyses. The first serum sample
(collected in February 1993) contained antibodies that recog-
nized LAMPs of 34, 35, and 38 kDa expressed by the M.
penetrans isolate recovered from this patient (isolate 75). Be-
side the P35 shared antigen, immunoprofiles observed with this
serum differed among the other strain and isolates. More spe-
cifically, this patient serum recognized a product of 38 kDa in
strain GTU and of 36 kDa in isolates HF-1 and HF-3. This
later 36-kDa reactivity was not detected in isolates ARA and
HF-2.

The second serum sample from patient 75 was collected 2
years later at the time of isolation of M. penetrans 75 in March
1995. This serum showed a stronger reactivity with molecules
of 34 to 38 kDa but also recognized additional LAMPs of 62
and 94 kDa in M. penetrans isolate from patient 75. This serum
sample also recognized additional proteins in other isolates.
The GTU profile resembled that of isolate 75. In the LAMPs
from isolates HF-2 and HF-3, additional faintly labeled bands
were observed.

To further characterize the different LAMPs of isolate 75,
MADs to M. penetrans 75 surface molecules were generated by
using mycoplasma cells as antigen. Three MAbs were estab-
lished based on their specific reactivity in Western blot analysis
and recognized the major LAMPs. Western blot analysis re-
vealed that the MAbs D10 and G9 specifically recognized a
single, distinct product of 34 (P34B) and 38 (P38) kDa, respec-
tively (Fig. 2). Only the type strain GTU and isolate 75 ex-
pressed the MAb G9-specific product. The third MAb, C5,
strongly reacted with LAMPs of 38, 36, 35, 34, and 30 kDa,
suggesting that the MAb CS5-specific epitope is shared by mul-
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FIG. 4. Western and colony immunoblots of clonal variants derived from M. penetrans isolate 75 showing phase-variable expression of P34B
and P38. (A) SDS-PAGE analysis of LAMPs from two selected clones of M. penetrans 75. Clone K1 was positive with P38 (MAb G9) and negative
with MAb D10, and clone 2 reacted positively with MAb D10 (P34B) and negatively with MAb G9. (B) Clones K1 and K2 were grown on agar
plates, and colony immunoblots were labeled with MAb D10 or MAb G9. Staining of clone K1 colonies with MAb D10 revealed the presence of
colonies among the P34B negative population that have reverted to the P34B-positive phenotype (arrow p). Colonies generated with clone K2 are
predominantly positive for P34B, though a few present a negative (arrow n) and sectoring (arrow s) staining. Staining of colonies generated with
clone K1 with MAb G9 showed predominantly the P38-positive phenotype. Colonies of clone K2 were negative. Bar, 100 wm.

tiple lipoproteins. MAb 14 (generated from a recombinant
pepIMP14 antigen [26]) recognized a 34-kDa molecule similar
to that stained by MAb D10. However, MAb 14 and MAb D10
recognized distinct molecules, since reactivity of MAb 14 was
found only with isolate 75, while MAb D10 reacted with the
type strain and all of the isolates except ARA. As a control, the
MADb 7 (26) was also included in this analysis, and the results
demonstrated that P35 is expressed in all of the isolates ana-
lyzed, confirming that the common 35-kDa band was indeed
P35 (Fig. 2).

Typing of M. penetrans isolates with RAPD. RAPD patterns
generated with primer 1281 alone showed a limited banding,
whereas the amplification with primer 1254 or the combination
of both primers according to the method of Marois et al. (25)
resulted in a more complex RAPD banding pattern. The
RAPD patterns of M. penetrans strain GTU and isolates ARA,
HF-1, HF-2, and HF-3 generated with primer 1254 were iden-
tical with slight differences in the intensity (Fig. 3), but isolate
75 showed an additional band of 1.3 kb and two lacking bands
of 0.75 and 0.8 kb. Comparison of the RAPD patterns gener-

ated with the combination of primers 1254 and 1281 M. pen-
etrans GTU showed no 1.4- and 0.9-kb fragments. M. penetrans
75 showed an additional amplification product of 1.3 kb. The
overall banding patterns of isolates HF-1, HF-2, and HF-3 and
ARA showed identical patterns with the amplification proto-
cols but were distinguishable from those of strain GTU and
isolate 75.

P34B and P38 undergo antigenic variation in vitro. Immu-
nostaining of M. penetrans 75 colonies with MAbs D10 and G9
revealed a pattern composed of positive, negative and sectored
colonies (Fig. 4B), indicating that the corresponding target
epitopes are surface exposed and may undergo variation in
expression.

To assess phase variation of D10 and of G9 target epitopes,
cloned D10- and G9-positive or -negative variants from M.
penetrans 75 were selected and tested by colony and Western
immunoblotting (Fig. 4). Results obtained with clones K1 and
K2 revealed that expression of P38 is only detected in clone K1
(G9 positive and D10 negative in colony immunoblotting),
while P34B was expressed in its sibling, K2 (D10 positive and
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FIG. 5. Immunoblots of TX-114-extracted LAMPs of a clonal lineage of M. penetrans 75 incubated with MAb 7, G9, D10, or 14. Lane 1
represents M. penetrans 75, and descendants are shown in lanes 2 to 8. The pedigree of the descendants is indicated by the arrows. The clonal
lineage shows variability in protein expression of P34B from ON to OFF (lane 3 to lane 5) and vice versa (lane 5 to lane 6) and revealed ON and

OFF switching of P38 (lane 3 [OFF] to lane 4 [ON] — lane 7 [OFF]).

G9 negative in colony immunoblotting). Variations in expres-
sion of P34B and P38 occurred with high frequency in propa-
gating populations, resulting in the appearance of minor pop-
ulations that presented a different phenotype (Fig. 4B, for
clone K1 and K2). The variation rate of P34B and P38 differed.
It was estimated by colony immunoblotting to be 10~ 2 per cell
per generation for P34B and 10~ per cell per generation for
P38.

To investigate independent ON-OFF switches of P34A,
P34B, P35, and P38, clonal lineages of M. penetrans 75 were
established. When these progeny were analyzed, the results
showed that isogenic variants of the M. penetrans 75 clonal
lineage differed in their expression profiles (Fig. 5). M. pen-
etrans 75 expressed P34A, P34B, P35, and P38 (Fig. 5, lane 1),
while subclones showed a change in the expression of P34B
and P38 from OFF to ON (P34B, lane 5—6; P38, lane 3—4)
and vice versa (P34B, lane 3—5; P38, lane 4—7). Only a switch
from ON to OFF was observed for P34A, and it is not yet
known whether reversion from OFF to ON can occur. Colony
immunoblotting could not be used as a method to screen for
P34A phase variants since the only available P34A-specific
MADb does not recognize a surface-accessible epitope. P35 was
constantly detected, with one clonal variant (lane 8) showing a
weak immunoreaction with P35 and no 35-kDa band by Coo-
massie blue staining.

Surface exposure of M. penetrans P34B and P38. The cell
surface exposure of P34B and P38 was further assessed by
immunoelectron microscopy of M. penetrans GTU and 75 with
specific MAbs D10 and G9 and gold-labeled secondary anti-
bodies (Fig. 6). The MAbs D10 (Fig. 6A) and G9 (Fig. 6C and
D) target epitopes were evenly distributed over the myco-
plasma cell surfaces. Additionally, M. penetrans GTU and 75
cultures showed cells with bound P34B- and P38-specific
MADbs; however, both cultures also contained cells without
labeled surfaces.

Sequence analysis of the P38 coding sequence. Amino acid
sequencing of peptides derived from enzymatic digestion of the
isolated 38-kDa protein led to the generation of three peptide

sequences: p381 (ISAALGIYN), p382 (TTNELISEDIK), and
p383 (VYTVVVDAAPYDSNYVWDDGSTDTK). Southern
blots of digested genomic DNA of M. penetrans 75 were hy-
bridized with three specific oligonucleotide probes correspond-
ing to each sequenced peptide. Southern blot analysis revealed
that a 3.5-kb PstI DNA fragment bound the two oligonucleo-
tide probes corresponding to p381 and p383, while no hybrid-
ization signal was obtained with the third probe (data not
shown). Cloning and sequencing of this 3.5-kb PstI DNA frag-
ment revealed the presence of a 500-bp region containing a
partial ORF that included the peptide sequences p381 and
p383. A stop codon was found 11 amino acids downstream of
the region encoding p383, indicating that the 500 bp localized
on the 3.5-kb DNA fragment encodes the P38 C-terminal re-
gion. The deduced P38 sequence present DNA homologies
with the translation products of several recently described
genes (designated mpl for M. penetrans lipoprotein [26]): P35,
P30, P34A (pepIMP14), peplIMP12, and pepIMP13. One fea-
ture of these genes is that they possess identical sequences
encoding for the signal peptide at the N terminus. Therefore,
a forward primer (5'-CAGTTCCAGTAATTGTTTCTTC-3")
corresponding to the conserved N-terminal region and a re-
verse primer (5'-TTATATCTATGAAAAGGAAATGTA-3')
located at the 3’ end of the identified ORF were used for the
amplification of the entire P38 gene. An amplification product
of 1 kb was obtained and sequenced. The translated amino acid
sequence encoded by this 1-kb DNA fragment contained, in
addition to p381 and p383, the third p382 peptide sequence.
The molecular mass for the mature lipoprotein deduced from
the DNA sequence was 37 kDa. Further analysis (Fig. 7) re-
vealed that P38 exhibits a high degree of sequence similarity
with other members of the mpl family of LAMPs (26). Among
this family, P34A had the greatest identity (36.4% identity) to
P38. P38 had no homology to any other protein recorded in the
databases. The genes encoding P30, P35, and P34A are known
to be clustered in the M. penetrans genome (26). The relative
location of the P38 gene to this cluster has not been ascer-
tained, although a putative lipoprotein gene is also present
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FIG. 6. Variable surface expression of P34B and P38 of M. penetrans cells by immunogold labeling electron microscopy. P34B-positive (A) and
P34B-negative (B) mycoplasmas were examined in one culture of M. penetrans GTU. Cells of isolate 75 (C) and M. penetrans GTU (D) were
labeled with MAb G9. Differences in the quantity of MAb binding sites at the cell surface are shown for MAbs D10 (A) and G9 (C and D). Bar,

200 nm.

downstream of the P38 gene, within the cloned DNA fragment.
Although analysis of this lipoprotein gene is incomplete, the
preliminary data suggest that it is new member of the mpl
family.

Recombinant fusion proteins representing P38 and P34A
(pepIMP14) were expressed in E. coli and, as expected, MAb
G9 recognized the recombinant protein P38. The recombinant
forms of both P38 and P34A were recognized by MAb C5.
Since both of the recombinant proteins lack a signal peptide
required for their lipid modification in E. coli, this result indi-
cates that the epitope recognized by MAb C5 is encoded by
both genes and is proteinaceous in character.

DISCUSSION

Comparative analysis of the LAMP profiles of the few avail-
able clinical isolates of M. penetrans indicated that this species
possesses a complex family of related but distinct variable
surface lipoproteins and that these lipoproteins showed a high
degree of heterogeneity in their expression. Interestingly, our
analysis also revealed that M. penetrans HF isolated from two
distinct body sites of the same patient, expressed different
combinations of LAMPs. A major 36-kDa band could be de-

tected in the isolates HF-1 and HF-3, respectively, but was
lacking in the Coomassie blue staining of isolate HF-2. In
Western blot analysis, a faint 36-kDa band could be detected
also in HF-2 (Fig. 1, patient serum 03/1995) most likely indi-
cating that a minor population of HF-2 expressed the 36-kDa
protein. The three M. penetrans HF isolates presented an iden-
tical banding pattern in RAPD analysis, supporting the hypoth-
esis that these isolates had the same genetic origin. This result
suggested either that mycoplasma populations presenting dif-
ferent LAMP phenotypes coexisted at the same site within a
single host, with a given variant being selected during the
isolation procedure, or that some of the phenotypic variations
correspond to an adaptation to specific colonization sites. The
ability of an M. penetrans population to express different
LAMP repertoires in a single colonized host could also provide
an explanation regarding the nature of the humoral response
observed in the patient 75. In patient 75, LAMPs related to
34-, 35-, and 38-kDa molecules are highly immunogenic. This
patient developed also a strong humoral response against P36
even though it was not detectable with Coomassie staining in
the clinical isolate 75. Here we were able to demonstrate by in
vitro subcloning that this isolate retained the genetic ability to
revert in vitro to a P36-positive phenotype as a major part of
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FIG. 7. Alignment of P38 deduced amino acid sequence with that of the previously identified P30, P35, and P34A (pepIMP14) of M. penetrans
by using the DNAstar software. Boxed letters represent amino acids that are common to three of the four sequences.

the LAMP pattern (Fig. 5). Based on this result, it is more
likely that P36 was expressed in vivo at some point during the
infection and represented a potent antigen eliciting an immune
response in patient 75. Altogether, these data strongly support
that phase variation of M. penetrans LAMPs occurs in vivo.
Although the serum collected in 1993 from the HIV-positive
patient 75 contained circulating antibodies that strongly bound
to different LAMPs, M. penetrans was isolated 2 years later,
indicating that the strong humoral response was not sufficient

to eradicate mycoplasmas from the urogenital tract. It is pos-
sible that the HIV-associated immunodeficiency of the patient
was a factor predisposing for the mycoplasma persistence.
However, this observation is also in accordance with data ob-
tained by Cartner et al. (4) showing that mice infected with the
respiratory pathogen Mycoplasma pulmonis develop an hu-
moral response against the mycoplasma that does not block the
colonization of the target tissue but rather plays a role in
preventing the systemic dissemination of the pathogen.
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Phase variation of surface antigens was previously demon-
strated for M. penetrans type strain GTU, with a focus on the
P35 antigen (26). By using newly established MAbs, we docu-
mented that at least three further prominent lipoproteins
(P34A, P34B, and P38) can undergo phase variation in vitro. It
could be demonstrated with the different clonal variants of M.
penetrans 75 that MAb D10, MAb G9, MADb 7, and MADb 14
reacted with distinct LAMPs. The ON and OFF switching of
P34B and P38 was demonstrated with the clonal lineage. The
switching frequency of P34B of 102 per cell per generation is
among the highest rates of variation measured thus far for
lipoproteins of animal pathogenic mycoplasmas (29). The dif-
ferent combinations of expressed LAMPs in the clonal variants
revealed that variation of P34A, P34B, P35, and P38 appeared
to be independent of each other.

P38 is a new member of a family of related surface proteins
in M. penetrans 75 that undergo intraclonal variation and that
share a common immunogenic region, as demonstrated by
using the newly established MADb C5.

The development of the MAb CS5 is of particular interest
because it allows the detection of a spectrum of related surface
antigens. The MADb CS epitope is linked to the protein moiety
because the MAb C5 cross-reacts with the recombinant pro-
teins P38 and P34A expressed in E. coli in absence of their
signal peptide required for the lipid modification. Unlike a
large number of other variable proteins identified in other
mycoplasmas (1, 30), mpl genes do not contain repeated se-
quence which might be involved in size variation. Therefore,
the ability of MAb CS5 to detect the TX-114-extracted proteins
in the molecular mass range of 30 to 38 kDa might help in
future studies to monitor a distinct ON or OFF switched status
of each member of this family without establishing specific
MADs for each individual LAMP. Furthermore, this effective
reagent together with the other MAb developed in this study
might be of relevance to define which set of expressed mole-
cules should be necessary to support an in vivo colonization of
the lower or even upper urogenital tract and to define a chang-
ing surface pattern of M. penetrans in later stages of a devel-
oping immune response.

Based on the finding that major components of M. penetrans
cells undergo phase variations, it is noteworthy to speculate
that LAMP diversity generated by the mycoplasma, despite a
limited amount of genetic information, may contribute to host
adaptation as a pathogenic mechanism and participate in es-
tablishing successful chronic infection of the human host.
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